Background Revision THAs are expected to increase; however, few studies have characterized the prognosis of revision THAs in younger patients. Questions/purposes We performed a case-control study to evaluate intermediate-term survivorship, complications, and hip and activity scores after revision THAs in patients 55 years and younger, compared these outcomes with the results of primary THAs in a matched patient population, and evaluated risk factors for failed revisions.
Introduction
THA has been highly effective in the treatment of endstage osteoarthritis. Its use, particularly among younger patients, has increased substantially and is expected to continue to increase [5, 13, 14] . Additionally, the prevalence of revision THAs is expected to increase. Younger age at the time of the primary THA has been shown to increase the risk of revision [4, 12, 18] . Projections suggest that revision procedures will more than double between 2005 and 2030 [4] .
Previous studies have reported outcomes of revision THA [2, 7, 8] , and historically, these outcomes have been limited in young patients [11, 15, 16] . There have been high rates of mechanical loosening and revision rates have ranged from 10% to 20% [11, 15, 16] . However, these reports are outdated. They focus predominantly on early-generation cemented implants, with a paucity of information regarding the outcome of contemporary procedures [11, 15, 16] . Specifically, the literature is lacking studies dedicated to characterizing the function and survivorship of revision hip arthroplasties with modern cementless implants in young patients.
We therefore evaluated intermediate-term survivorship, complications, and hip and activity scores, after revision THAs in patients 55 years and younger, compared these outcomes with the results of primary THAs in a matched patient population, and evaluated risk factors for failed revisions.
Patients and Methods
We performed a case control study in which survivorship, complication rate, Harris hip score, and UCLA activity score in patients aged 55 years or younger who had revision THAs were compared with a matched cohort of patients 55 years or younger who had primary THAs. After approval by our institutional review board, we identified patients 55 years or younger who underwent revision THAs at our institution between 1996 and 2006 through our institution's joint arthroplasty registry. Revision THA was defined as the exchange of one or more components of an existing THA. Hips that were revised for infection, failed hemiarthroplasty, failed hemiresurfacing arthroplasty, and failed surface replacement arthroplasty were excluded. Patients were followed for a minimum of 4 years or until rerevision or death. Ninety-three patients (103 hips) of the 146 who were 55 years or younger, had at least 4 years clinical followup, had rerevisions, or died (70.5%) ( Fig. 1 ). Forty patients (43 hips) were lost to followup (29.5%).
We reviewed operative reports for surgical details, including type of revision performed, surgical approach, implant information, and polyethylene liner type. Clinical charts were examined for demographic information, primary hip disease, BMI, medical comorbidities, previous hip surgeries, reason for revision, incidence of postoperative complications, or need for additional surgery. Complications included infection, wound complications, periprosthetic fracture, dislocation, recurrent instability, or venous thromboembolism (deep vein thrombosis or pulmonary embolus). Further revisions of any type, including resection arthroplasty, were considered failures.
Overall, there were 61 women and 32 men ( Table 1 ). The average age of these patients at the time of revision was 45.2 years (range, 22-55 years). Their average BMI was 28.8 kg/m 2 (range, 17.7-54.7 kg/m 2 ). Thirty-one percent of the patients had a BMI greater than 30 kg/m 2 . Sixteen patients (17%) had systemic lupus erythematosus, nine (10%) had rheumatoid arthritis, four (4%) had endstage renal disease, two (2%) had sickle cell anemia, and one (1%) had HIV. These patients had an average of 1.5 previous hip surgeries (range, 1-5). Seventeen hips (17%) had previous revisions. The most common preoperative diagnosis was aseptic loosening (57 hips, 55%) ( Table 2 ). All revisions were performed through a posterior approach. Most were acetabular revisions alone (41 hips, 40%). Thirty-two percent (33 hips) were head and liner exchanges. Femoral revisions alone were done in 18 hips (18%), and complete acetabular and femoral revisions were done in 11 hips (11%). All acetabular revisions used cementless fixation and were fixed with an average of three screws (range, 1-7 screws)). Trabecular metal acetabular components were used in 25 acetabular revisions (61%) ( Table 3 ). Cementless femoral components were used in 27 of 29 femoral revisions (93%), which were all fully porous coated. Femoral heads and polyethylene liners were exchanged in every revision. The median head size was 32 mm (range, 22-40 mm). Highly cross-linked polyethylene was used at the time of revision in 67 hips (65%). Postoperatively, all patients were prescribed posterior hip precautions for 3 months. Abduction bracing was used at the discretion of the operating surgeon.
A separate query of our institution's joint arthroplasty registry was performed to identify a control group of patients who underwent primary THAs (Table 1 ). There were 98 patients (103 hips) who 55 years or younger and followed for at least 4 years or until revision surgery. We reviewed the medical records for these patients in a manner similar to that described above. Patients who had primary THAs then were matched to patients who had revision surgery based on age, sex, BMI, primary hip disease, Charnley classification, and pertinent medical comorbidities. More specifically, age was matched within 5 years, sex was matched exactly, and BMI was matched within 5 kg/m 2 . Patients also were matched according to their primary hip diagnosis (ie, osteoarthritis, inflammatory arthritis, osteonecrosis, etc), Charnley classification, and the presence of one or more of the following comorbid conditions: sickle cell anemia, rheumatoid arthritis (including juvenile rheumatoid arthritis), systemic lupus erythematosus, end-stage renal disease, or HIV/AIDS. Of the 307 patients (354 primary THAs) meeting the matching criteria, 305 patients (346 hips) had at least 4 years clinical followup (97.7%). Eight hips were lost to followup (3.2%), which was significantly less than the loss to followup for the revision group (p \ 0.001). One of the authors (MAA) who was not involved in the care of the patients performed this matching process in blinded fashion with respect to clinical outcomes. Eligible control patients were listed alphabetically using Microsoft Excel (Microsoft Inc, Redmond, WA, USA). The patients were reviewed consecutively, and the first patient encountered who could be matched to each revision patient according to the previously described criteria was selected.
Clinical outcomes were measured using the Harris hip score and UCLA activity score. These scores were obtained preoperatively and at final followup. Patients either presented to our clinic for routine evaluation or were contacted by mail or telephone for updates on their clinical status. Followup was completed predominantly in person (94.7%). Correspondence by telephone or mail was used to obtain followup for 5.3% of patients. Patient outcomes were evaluated by changes in the Harris hip score and UCLA activity score. Postoperative changes in these scores were calculated for each patient, and the average change in each group was determined.
Survivorship was calculated as the percentage of hips without reoperation for any reason at the time of final followup. A two-tailed t-test was used to assess differences in age, followup duration, and improvement in Harris hip score and UCLA activity score between the primary and revision groups. Chi-square analysis was used to evaluate differences in complications, instability, and rerevision between the two groups. Additionally, potential for type of revision, history of previous revision, total number of previous hip surgeries, and presence of comorbidities as risk factors for failure in the revision group were assessed using the chi-square test.
Results
Survivorship was markedly lower in the revision THA than in the matched primary THA group. Of the 103 revision hips in the study group, 71 hips (69%) survived an average of 6.7 years (range, 2-13 years). The most common reason for failure was aseptic loosening (12 hips, 38%). Thirty-four percent of all failures (11 hips) were rerevised for the same diagnosis as the initial revision (Table 4 ). In contrast, survivorship was 99% among matched primary THAs (odds ratio (OR), 45.97; 95% CI, 16.46-128.41; p \ 0.001), with the sole failure being attributable to instability Complications were more frequent in the revision THA group than in the matched primary THA group. Overall, 30 complications (29%) occurred in the 103 hips in the revision group. One or more dislocations occurred in 15% (16 hips). Six percent of primary THAs (6 hips) had complications (OR, 6.64; 95% CI, 4.14-10.67; p \ 0.001), including 3% with instability (OR, 5.68; 95% CI, 2.97-10.87; p = 0.002).
Hip and activity scores improved more in the primary THA group than in the revision THA group. The average change in Harris hip score after revision was 19.2 (range, À40 to 60). The Harris hip pain subscore had a mean improvement of 12.6 (range, À20 to 44). The UCLA activity score improved by 0.87 (range, À6 to 8). Matched primary THAs, at mean followup of 6.6 years (range, 4-13 years), had an average improvement of 34.4 in the Harris hip score (range, À19 to 83), which was greater than the Acetabular improvement after revision (p \ 0.001). Mean improvement of the Harris hip pain subscore was 18.7 (range, À20 to 44), which also was significantly greater than the change after revision (p = 0.01). The UCLA activity score also improved more after primary THA (mean, 2.36; range, À2 to 8) than after revision (p \ 0.001).
Use of conventional polyethylene at the time of revision was associated with failure (OR 2.98; 95% CI, 1.86-4.76; p = 0.004). However, type of revision (p = 0.48), head size less than 32 mm (p = 0.39), history of previous revision (p = 0.12), number of previous hip surgeries (p = 0.25), and presence of comorbidities (p = 0.27) were not associated with failure.
Discussion
The projected increase in revision THAs underscores the importance of understanding the durability (and causes of failure) of this procedure in young patients. Such information is essential for guiding surgeon and patient expectations. Our study showed that, when compared with primary THA, revision THA is associated with decreased survivorship, more complications, and more modest improvements in clinical outcome measures at intermediate-term followup.
This study is limited because it is a single institution study and it is difficult to know whether these results are generalizable, given the paucity of current studies on this topic for comparison. This patient population was treated at a high-volume tertiary care center and therefore may represent comparatively more severe revision cases than the average young patient undergoing revision THA. This population also might have higher burdens of comorbidity than what may be seen in the average arthroplasty practice, which could contribute to our results. Second, nearly 30% of eligible patients in the revision group were lost to followup, which was significantly higher than the loss to followup among eligible patients in the control group. The outcomes in these patients-positive or negative-could affect our results. The heterogeneity of types of revision procedures performed in this cohort also may be a limitation, although this was evaluated in our analysis and no association between revision type and risk for failure was found. Another potential confounder is the effect of older technologies. For example, conventional polyethylene is known to have increased wear rates leading to osteolysis and eventual aseptic loosening [6, 10, 17] . Our study spans a 10-year period, including several years before the introduction of highly cross-linked polyethylene. It is possible that the inclusion of procedures using older materials known to have poorer performance limits our results. We found that the use of conventional polyethylene at the time Table 4 . of revision had an association with failure. Changes in surgical implants and techniques, such as highly crosslinked polyethylene, alternative bearings, use of largerdiameter heads, and newer enhanced in-growth surfaces, occur often and potentially confound the results of observational studies such as ours.
This study provides an important update to the literature regarding revision THAs in young patients. Historically, revision THAs have had high rates of failure in young patients. Strömberg et al. [16] reported a 21% rerevision rate after revision THA with a first-generation cementing technique in patients younger than 55 years, predominantly owing to aseptic loosening. The same group reported outcomes of revision THAs with a second-generation cementing technique in the same patient age group and reported a 14% failure rate at 7 years, also predominantly for aseptic loosening [15] . Another report on cemented acetabular revision in young patients had a rerevision rate of 11%, again mostly attributable to aseptic loosening [11] . These rerevisions were thought to be related to the lack of durable fixation that could withstand the relatively higher levels of activity in this young patient population [15, 16] . Our study, despite modern cementless fixation techniques, also showed a much lower survivorship rate for revision THAs compared with primary THAs at intermediate-term followup.
Some studies have shown higher complication rates after revision THAs. Mahomed et al. [9] reported results of primary and revision THAs in Medicare beneficiaries and reported significantly higher rates of mortality (2.6% versus 1.0%), hospital readmission (10% versus 4.6%), and instability (8.4% versus 3.1%) in revisions. Studies on revision THAs in young patients have had complication rates between 18% and 30%, similar to ours [11, 16] .
Limited functional results after revision THA also are consistent with previous reports. At an average followup of 4 years (range, 2-6 years), Strömberg et al. [16] reported that 54% of their patients 55 years or younger had poor clinical outcomes, as defined by the Harris hip score. A study of the Norwegian Arthroplasty Register, which directly compared 531 revision THAs with 1087 primary THA controls, reported poorer self-reported satisfaction and postoperative function among patients with revision THA [2] . Sixty-one percent of patients with revision THAs (median age, 67 years), compared with 84% with primary THAs had good or very good overall postoperative satisfaction [2] . Lübbeke et al. [8] compared outcomes of 85 revision THAs (average patient age, 71 years) with 349 primary THAs and found that Harris hip, WOMAC, and SF-12 scores at 5 years followup were significantly lower after revision [8] . In our study, Harris hip scores and UCLA activity scores showed modest improvements after revision THAs, relative to changes after primary THAs. Despite comparison of a revision cohort with a primary cohort with similar comorbidities, it is possible that the burden of comorbidities in our study groups (34% of patients had systemic lupus erythematosus, rheumatoid arthritis, sickle cell anemia, end-stage renal disease, or HIV) had a negative affect on the outcomes of revision surgery. Previous studies have shown that the presence of significant comorbid medical conditions is associated with poorer outcomes of revision THA [1, 3] . It is unknown whether this proportion of medical comorbidity is unique to our patient cohort or whether it is typical of young patients needing revision THAs, as some patients requiring hip arthroplasty at a young age suffer from diseases such as these that predispose them to early degeneration of the hip.
The only risk factor associated with an increased likelihood of reoperation in the revision THA group was the use of conventional, rather than highly cross-linked polyethylene. Increased wear associated with conventional polyethylene, which leads to progressive osteolysis and ultimately aseptic loosening, typically is thought to be a long-term complication, occurring beyond the average followup for this study. However, this primarily comes from the study of conventional polyethylene in primary THAs. The performance of conventional polyethylene in revision THAs is unclear. A larger and longer-term study may be required to confirm our findings; however, the utility of such a study may be minimal, given the wide commercial availability of highly crosslinked polyethylene. Additionally, the durability of liner cementation makes the use of highly cross-linked polyethylene liners, even in acetabular shells without cross-linked liner options, much more likely than the continued use of conventional polyethylene in revision surgeries [19, 20] .
We found that patients undergoing revision THAs experienced decreased survivorship, more complications, and more modest improvements in clinical outcome measures at intermediate-term followup than did a matched cohort of patients undergoing primary THAs. These results are similar to outcomes reported from using older implants and techniques, and these findings suggest that surgeons should take care to set reasonable expectations for young patients undergoing revision THA. Furthermore, strategies are needed to avoid revision THAs in this patient population. More durable primary THAs or perhaps delayed primary THAs using hip-preserving procedures where appropriate, could be a means to this end.
